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Description

The present invention relates to a novel adhesive organopolysiloxane composition and,more particularly,
to an organopolysiloxane-based adhesive composition capable of exhibiting excellent adhesive bonding
strength on various kinds of substrate materials including metals, plastics, ceramics and the like even without
a pretreatment of the substrate surface with a primer composition and even at room temperature so as to be
useful in various industrial fields such as electric, electronic and architectural industries.

Among the various types of adhesive compositions used for adhesive bonding of parts in electric and elec-
tronic industries or as a sealing material for buildings in architectural works,including polyurethane-based, ac-
rylic resin-based, epoxy resin-based and silicone-based ones, the silicone- or organopolysiloxane-based ad-
hesive compositions are widely used as a high-grade adhesive in view of their outstandingly superior perfor-
mance in respect of their excellent heat resistance, weatherability and electric properties as well as rapid re-
laxation of stresses produced by heating and cooling.

Silicone-based adhesive compositions are usually formulated with an adhesion-improver for which many
proposals and attempts have been made heretofore. For example, Japanese Patent Kokai 48-16952 proposes
use of an organopolysiloxane having at least one hydrogen atom directly bonded to the silicon atom and at
least one trialkoxysilyl group simultaneously in the molecule as the adhesion-improver. Japanese Patent Kokai
50-39345 proposes use of an organopolysiloxane having at least one hydrogen atom directly bonded to the
silicon atom and at least one ester group and/or glycidyl group simultaneously in the molecule as the adhesion-
improver. Further, Japanese Patent Publications 52-8854 and 55-41702 disclose a reaction product of an ami-
noalkyl alkoxy silane and a glycidyloxyalkyl alkoxy silane as the adhesion-improver for a silicone-based ad-
hesive composition.

The silicone-based adhesive compositions in the prior art admixed with the above mentioned adhesion-
improvers, however, are not very satisfactory. In recent years, moreover, various kinds of materials having
little susceptibility to adhesive bonding have come into prevalent use in various industrial fields so that these
prior art adhesive compositions can no longer comply with the demand for effectively bonding these difficultly
bondable materials. Another problem in these prior art adhesive compositions lies in that, while the adhesive
composition must be stored in two packages for different ingredients since a ready-mixed adhesive compo-
sition has a limited shelf life, the storage instability of some ingredients of the composition results in the loss
of the adhesive bonding power, in particular, when such an ingredient is compounded after prolonged storage
at room temperature or an elevated temperature. Moreover, some silicone-based adhesive compositions can-
not exhibit full adhesive bonding strength when they are used at room temperature,so that application of the
adhesive compositions for use as sealing materials for buildings is greatly limited.

Japanese Patent Publications 52-8854 and 55-41702 teach that adhesive bonding strength by using a hy-
drosilation-curable silicone-based adhesive composition can be improved by admixing the adhesive with an
adhesion improver which may be, for example, an organosilicon compound expressed by the structural for-
mula

(CH; 0) ; Si (CH, ), OCH, CHCH, NH (CH; ) ;S1 (OCH, ), .
I
0S1i (OCH; ),

This adhesive composition, however, is not very satisfactory because improvement in adhesive bonding
strength can be obtained only when it is cured at a relatively high temperature.

The present invention provides a novel and improved organopolysiloxane-based adhesive composition
free from the above described problems and disadvantages of silicone-based adhesive compositions descri-
bed in the prior art.

The organopolysiloxane-based adhesive composition of the present invention comprises, as a mixture:

(a) 100 parts by weight of a diorganopolysiloxane having, in a molecule, at least two alkenyl groups bonded

to the silicon atoms;

(b) an organohydrogenpolysiloxane having, in a molecule, at least three on an average of hydrogen atoms

directly bonded to the silicon atoms in such an amount that from 0.5 to 10 moles of the silicon-bonded

hydrogen atoms are provided per mole of the alkenyl groups in the component (a);

(c) from 0.01 to 10 parts by weight of a B-aminopropionyl group-containing compound represented by the

general formula

X-NR-CH>-CHR-CO-Y-X, "
in which each R is, independently from the other, a hydrogen atom or a monovalent hydrocarbon group
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having 1 to 10 carbon atoms, Y is an oxygen atom or NR and each X is, independently from the other, a
monovalent hydrocarbon group having 1 to 10 carbon atoms or an organosilyl-substituted monovalent hy-
drocarbon group of the formula Z;SiQ, Z being, each independently from the others, a monovalent hydro-
carbon group or an alkoxy group having 1 to 8 carbon atoms and Q being a divalent hydrocarbon group
containing one or a plurality of methylene groups -CH,- of which one is unreplaced or replaced with an
imino group -NH-, with the proviso that at least either one of the two X groups is an organosilyl-substituted
monovalent hydrocarbon group of the formula Z;SiQ of which at least one of the three Z groups is an alkoxy
group or an alkoxy-substituted alkoxy group; and

(d) a compound of a platinum-group metal in a catalytic amount.

As is described above, the essential ingredients in the organopolysiloxane-based adhesive composition
of the invention are the components (a) to (d), of which the components (a), (b) and (d) are conventional. Spe-
cifically, curing of the composition is effected by the addition reaction or so-called hydrosilation reaction be-
tween the alkenyl groups in component (a) and the silicon-bonded hydrogen atoms in component (b) while
this reaction is promoted by component (d) which is a compound of a platinum group metal as the catalyst.
The most characteristic feature of the inventive composition is admixture of a unique compound as component
(c) represented by the general formula (1), by virtue of which the composition is imparted with good curability
even at a relatively low temperature of 80 °C or below or even at room temperature so as to exhibit excellent
adhesive bonding strength to the substrate surface on which the composition has been cured in contact. The
adhesive bonding strength obtained by the inventive adhesive composition is very strong and not limited by
the kind of the substrate materials,including polycarbonate resins hardly susceptible to adhesive bonding with
prior art adhesive compositions,so that the inventive adhesive composition is useful in the manufacture of elec-
tric and electronic devices and instruments and in building works not only as an adhesive but also as a sealing,
coating or potting material.

Component (a) as the base ingredient of the inventive adhesive composition is a diorganopolysiloxane
having, in a molecule, at least two alkenyl groups of, for example 2 to 6 carbon atoms such as vinyl, allyl, 1-
butenyl and 1-hexenyl groups, of which vinyl group is preferred in view of the relatively simple synthetic pro-
cedure for the preparation of the diorganopolysiloxane having vinyl groups. The organic groups other than the
alkenyl groups bonded to the silicon atoms in the diorganopolysiloxane are each a monovalent hydrocarbon
group having 1 to 10 or, preferably, 1 to 8 carbon atoms including alkyl groups, e.g., methyl, ethyl, propyl, butyl
and octyl groups, aryl groups, e.g., phenyl, tolyl and naphthyl groups and aralkyl groups, e.g., 2-phenylethyl
and 2-phenylpropyl groups. These hydrocarbon groups can be substituted for a part or all of the hydrogen
atoms therein by halogen atoms, cyano groups and the like as in chloromethyl, 2-cyanoethyl and 3,3,3-trifluor-
opropyl groups. It is preferable that all or at least 50% of the organic groups other than alkenyl in the diorga-
nopolysiloxane are methyl groups since vinyl-containing dimethylpolysiloxanes can exhibit good mechanical
properties after curing even when the degree of polymerization or viscosity before curing is relatively low, in
addition to the economic advantage due to the relatively low cost of preparation.

Although a small number of branches in the molecular structure may have no particular adverse influenc-
es, the diorganopolysiloxane as component (a) should desirably have a straightly linear molecular structure.
The average degree of polymerization of the diorganopolysiloxane should be such that its viscosity 25 °C is
in the range from 50 to 300,000 centipoise or, preferably, from 100 to 30,000 centipoise. When its viscosity
is too low, the compasition after curing may be poor in respect of in mechanical properties such as elongation
and rubbery elasticity. When the viscosity is too high, on the other hand, certain inconveniences are caused
the workability of the compasition in casting, potting, coating, impregnation and the like.

The organohydrogenpolysiloxane as component (b) in the inventive adhesive composition serves as a
cross-linking agent of the above described alkenyl-containing diorganopolysiloxane as (a) to effect curing of
the composition by the addition reaction or hydrosilation reaction between the alkenyl groups in component
(a) and the hydrogen atoms directly bonded to the silicon atoms in component (b). In this regard, the organo-
hydrogen-polysiloxane should have, in a molecule, at least two or, preferably, at least three hydrogen atoms
directly bonded to the silicon atoms, i.e. silicon-bonded hydrogen atoms. The molecular structure of the or-
ganchydrogenpolysiloxane is not particularly limitative including, straightly linear, branched, three-
dimensional and cyclic structures. The organic groups bonded to the silicon atoms in the organohydrogenpo-
lysiloxane are unsubstituted or substituted monovalent hydrocarbon groups including those groups given as
examples of the organic groups in component (a) except alkenyl groups. Preferably, the organic groups are
methyl groups.

The degree of polymerisation or viscosity of the organchydrogenpolysiloxane is not particularly limitative
although those having too low a viscosity have volatility causing loss by evaporation and those having too high
a viscosity would be expensive due to difficulty in synthetic preparation resulting in high cost. In this regard,
the viscosity is practically limited not to exceed 10,000 centipoise or, mainly in the range from 0.9 to 10,000
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centipoise at 25 °C.

The amount of the organohydrogenpolysiloxane as component (b) in the inventive adhesive composition
should be sufficient to provide from 0.5 to 10 moles of the silicon-bonded hydrogen atoms therein per mole
of the alkenyl groups in component (a). When the amount is too small, the crosslinking density in the compo-
sition after curing would be too low so that the cured composition would not have good mechanical properties.
When the amount is too large, on the other hand, foaming of the composition may take place in the course of
curing,in addition to influences on the mechanical properties of the cured composition, in particular, at elevated
temperatures.

Component (c¢), which is the most characteristic ingredient in the inventive composition, is a § -aminopro-
pionyl group-containing compound disclosed in US-A-4 374 237 and serves as an adhesion improver. It is an
a-substituted or unsubstituted, f-aminopropionyl group-containing compound represented by the general for-
mula

X-NR-CH,-CHR-CO-Y-X, n

in which each R is, independently from the other, a hydrogen atom or a monovalent hydrocarbon group having
1 to 10 carbon atoms, Y is an oxygen atom or NR and each X is, independently from the other, a monovalent
hydrocarbon group having 1 to 10 carbon atoms or an organosilyl-substituted monovalent hydrocarbon group
ofthe formula Z;SiQ, Z being, each independently from the others, a monovalent hydrocarbon group, an alkoxy
group or an alkoxy-substituted alkoxy group having 1 to 8 carbon atoms and Q being a divalent hydrocarbon
group containing one or a plurality of methylene groups -CH,- of which one is unreplaced or replaced with an
imino group -NH-, with the proviso that at least either one of the two X groups is an organosilyl-substituted
monovalent hydrocarbon group of the formula Z;SiQ of which at least one of the three Z groups is an alkoxy
group or an alkoxy-substituted alkoxy group.

The monovalent hydrocarbon group having 1 to 10 carbon atoms denoted by R in the formula (l) includes
unsubstituted or substituted monovalent hydrocarbon groups exemplified by alkyl groups, e.g., methyl, ethyl,
propyl and butyl groups, alkenyl groups, e.g., vinyl and allyl groups, and aryl groups, e.g., phenyl and tolyl
groups, as well as halogen-or cyano-substituted groups, e.g., chloromethyl, 2-cyanoethyl and 3,3,3-trifluoro-
propyl groups.

The symbol X in the formula (l) denotes either a monovalent hydrocarbon group exemplified by those given
as the examples of the group denoted by R or an organosilyl-substituted monovalent hydrocarbon group Z3SiQ,
in which each Z is a monovalent hydrocarbon group having 1 to 8 carbon atoms, which can be selected from
the same groups given as the examples of the group denoted by R, or an alkoxy or alkoxy-substituted alkoxy
group, such as methoxy, ethoxy, propoxy, butoxy, methoxyethoxy and ethoxyethoxy groups, and Q denotes
a divalent hydrocarbon group having 1 to 8 or, preferably, 2 to 6 carbon atoms containing one or a plurality of
methylene groups -CH,- of which one is unreplaced or replaced with an imino group -NH-, such as ethylene,
propylene and phenylene groups. At least one of the three groups denoted by Z in Z;SiQ is an alkoxy or alkoxy-
substituted alkoxy group.

The symbol Y in the formula () is a divalent group linking the carbonyl group CO and one of the groups
denoted by X and can be an oxygen atom or an unsubstituted or substituted imino group of the formula NR,
R having the same meaning as defined above.

Examples of the B-aminopropionyl-containing compound suitable as the component (c) include those ex-
pressed by the structural formulae:

(MeO); Si -(CH; )3-NH-CH,-CH,-CO-0-(CH, )5-Si (OMe); ;
Ph-CH,-NH-CH,-CH,-CO-0O-(CH, );-Si (OMe); ;
CH, =CH-CH,-NH-CH,-CH,-CO-0-(CH> )5-Si (OMe); ; and
(MeO); Si-(CH; )3-NH-CH,-CH, -CO-0O-CH,-CH=CH, ,
in which Me and Ph denote a methyl group and a phenyl group, respectively.

These compounds can be prepared by the so-called Michael addition reaction between an amine com-
pound having an active hydrogen atom represented by the formula X-NR-H and an a-substituted or unsub-
stituted acryloyl compound of the formula CH, =CR-CO-Y-X, in which each symbol has the same meaning as
defined above. The group denoted by X in at least either one of the two reactants is the group denoted by
Z5SiQ. Examples of the amine compound include: ethylamine, diethylamine, propylamine, dipropylamine, di-
allylamine, octylamine, ethylenediamine, hexamethylenediamine, triethylenetetramine, aniline, benzylamine
and the like as well as amino-containing organosilicon compound of the formula Z;SiQ-NR-H, in which each
symbol has the same meaning as defined above. Examples of the amine compound include the compounds
expressed by the following formulae:

(EtO)3 Si-(CH; )3 -NH, ;
(EtO), MeSi-(CH, )5-NH ;
(MeQ); Si-(CH; )s-NH; ;



10

18

20

25

30

35

40

45

50

55

EP 0 459 675 B1

(EtO); Si-(CHz )5-NH-(CH; )o-NH; ;

(MeQ); Si-(CH; )5-NH-(CH; )>-NH, ;

{MeO), MeSi-(CH, );-NH-(CH, ),-NH, ;

{MeOCH, CH, O); Si-(CH, )3-NH, ;

{(MeO); Si-(CH, );-0-CH,-CHMe-CH,-NH, ;

{(Me0); Si-CH=CH-CMe,-O-(CH, )5-NH; ;

{Me0); Si-(CH, )3-NH-(CH, ),-NH-Et ;

{(Me0); Si-CH=CH-CMe,-0O-(CH,);-NH-(CH, )5-NH ;

{(MeO); Si-(CH, );-NH-Ph;

{(Me0); Si-(CH, )3-NH-(CH,),-NH-CH,-CH=CH, ; and

{(MeO); Si-(CH, )3-NH-CH,-CH=CH,,
in which Me, Et and Ph denote methyl, ethyl and phenyl groups, respectively. Among the above named amine
compounds, those having two or more nitrogen atoms are less preferable in view of possible poisoning of the
catalyst of component (d) described below.

Examples of the acryloyl-containing compound to be reacted with the above described amine compound
by the Michael reaction include: esters of (meth)acrylic acid, i.e. acrylic or methacrylic acid, with a monohydric
alcohol such as methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, vinyl (meth)acrylate, allyl
(meth)acrylate, benzyl (meth)acrylate, glycidyloxypropyl (meth)acrylate and the like, esters of (meth)acrylic
acid with a dihydric alcohol and esters of (meth)acrylic acid with a trihydric alcohol, e.g., glycerin, as well as
esters or amides of (meth)acrylic acid with an alkoxysilyl-substituted monchydric alcohol or amine of the gen-
eral formula CH,=CR-CO-Y-QSiZ; such as those expressed by the formulas of:

CH,=CR-CO-0-CH,-Si(OMe); ;

CH,=CR-CO-0-(CH, )3-Si(OMe); ;

CH,=CR-CO-0-CH,-Si(OEt); ;

CH,=CR-CO-0-(CH, )3-Si(OEt); ;

CH,=CR-CO-0-(CH, )3-Si(O-C,H,-O-Me); ;

CH,=CR-CO-0-(CH, )3-SiMe(OMe) ;

CH,=CR-CO-0-(CH, )3-SiVi(OMe), ; and

CH,=CR-CO-NH-(CH, )5-Si(OMe); ,
in which R has the same meaning as defined above and Me, Et and Vi denote methyl, ethyl and vinyl groups,
respectively.

It is essential that at least either one of the amine compound and the acryloyl-containing compound is one
of the above given classes of organesilicon compounds in order that at least either one of the two X groups
in the general formula (I) is an organosilyl-substituted monovalent hydrocarbon group of the formula Z;SiQ.

The Michael reaction between the above described amine compound and (meth)acryloyl compound can
proceed even at room temperature by merely blending the reactants although it is preferable that the reaction
mixture is heated when the amine compound is a secondary amine compound or the (meth)acryloyl compound
is a methacryloyl compound. When the reaction is performed with heating, the reaction mixture is desirably
admixed with a polymerisation inhibitor in order to prevent polymerisation of the (meth)acryloyl compound.

The amount of component (c) in the inventive composition is in the range from 0.01 to 10 parts by weight
or, preferably, from 0.2 to 3 parts by weight per 100 parts by weight of the alkenyl-containing diorgancpolysi-
loxane as component (a). When the amount is too small, full improvement in the adhesive bonding strength
cannot be obtained. When the amount is too large, on the other hand, certain adverse influences are caused
to the physical properties of the composition after curing,also resulting in a decreased adhesive bonding
strength.

Component (d) in the inventive composition serves as a catalyst to promote the addition reaction or hy-
drosilation reaction between the alkenyl groups in the component (a) and the silicon-bonded hydrogen atoms
in the component (b). Platinum group metals, i.e. platinum, palladium and rhodium, or compounds of these
metals, of which platinum compounds are preferred, are known to have catalytic activity. Examples of suitable
platinum catalysts include chloroplatinic acid, alcohol-modified chloroplatinic acid and complexes of chloro-
platinic acid with an olefin, ketone or vinyl siloxane as well as platinum compounds supported by a catalyst
carrier such as silica, alumina and the like and platinum black. Examples of palladium catalysts include tet-
rakis(triphenyl phosphine) palladium and a mixture of palladium black with triphenyl phosphine. Examples of
rhodium catalysts include tetrakis(triphenyl phosphine) rhodium and a mixture of rhodium black with triphenyl
phosphine. Although the amount of these catalytic compounds in the inventive composition is a catalytic
amount depending on the desired velocity of curing, it is usual that the amount is in the range from 0.1 to 1000
ppm by weight or, preferably, from 0.3 to 200 ppm by weight calculated as metal relative to the total amount
of the components (a) and (b). When the amount of component (d) is too small, the curing reaction cannot
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proceed at a desirable speed as a matter of course. Increase of the amount of component (d) over the above
mentioned upper limit has no particular additional advantages, but rather has an economic disadvantage due
to the expensiveness of compounds of platinum group metals in general.

The organopolysiloxane-based adhesive composition of the present invention can be prepared by uni-
formly blending the above described essential constituents using a known blending machine,although the
composition can optionally be admixed with various kinds of additives conventionally used in silicone-based
adhesive compositions according to need. Examples of such optional additives include fillers such as finely
divided fumed and precipitated silica fillers, quartz powder, diatomaceous earth, titanium dioxide, aluminum
oxide, zinc oxide, iron oxide, mica, clay, carbon black, graphite powder, glass beads, metal powders, calcium
carbonate and the like, heat-resistance improvers such as ceric hydroxide and the like, flame-retardant agents,
pigments, tackifiers, anti-fungal agents, organic solvents such as toluene, hexane and the like as well as di-
methylpolysiloxanes of low molecular weight as viscosity-controlling agents.

The adhesive composition prepared in the above described manner can be applied to the surface of any
material used in electric or electronic devices and instruments or in buildings and cured thereon even at room
temperature or by heating at a relatively low temperature of 80 °C or below to exhibit excellent adhesive bond-
ing strength.

In the following, the organopolysiloxane-based adhesive composition of the present invention is illustrated
in more detail by way of examples and comparative examples, preceded by the description of the synthetic
procedure for the preparation of the B-aminopropionyl-containing compounds used as component (c). The term
of "parts" in the following description refers to "parts by weight". The adhesive compositions prepared in the
examples and comparative examples were tested for shearing adhesive bonding strength according to the pro-
cedure specified in JIS K 6850.

Synthetic Preparation 1.

Into a flask of 300 ml capacity eguipped with a stirrer and a thermometer were introduced 117.2 g (0.50
mole) of 3-acryloxypropyl trimethoxy silane and 95.0 g (0.53 mole) of 3-aminopropyl trimethoxy silane and
the mixture was agitated for 30 minutes at room temperature and then for 24 hours at 60 to 70 °C under a
stream of dry nitrogen gas to effect the reaction therebetween. When the gas chromatographic analysis indi-
cated complete disappearance of the 3-acryloxypropyl trimethoxy silane in the reaction mixture, the reaction
mixture was subjected to stripping at 80 to 90 °C under a reduced pressure of 5 mmHg and freed from any
trace amount of volatile impurities such as methyl alcohol and the unreacted 3-aminopropyl trimethoxy silane
to give 203.9 g of a liguid product, referred to as C-l hereinbelow, which could be identified by infrared ab-
sorption spectrophotometric, NMR spectrometric and mass spectrometric analyses to be a compound ex-
pressed by the structural formula

(CH30)5Si-(CH; )3-NH-(CH, ),-CO-0-(CH, )5-Si{OCHj3 )3 .
The above mentioned yield of the product corresponds to 96% of the theoretical value.

Synthetic Preparation 2.

Into a flask of 300 ml capacity eguipped with a stirrer and a thermometer were introduced 140.6 g (0.60
mole) of 3-acryloxypropyl trimethoxy silane and 67.5 g (0.63 mole) of benzylamine and the mixture was agi-
tated for 30 minutes at room temperature and then for 24 hours at 80 to 90 °C under a stream of dry nitrogen
gas to effect the reaction. When the gas chromatographic analysis indicated complete disappearance of the
3-acryloxypropyl trimethoxy silane in the reaction mixture, the reaction mixture was subjected to stripping at
70 to 80 °C under a reduced pressure of 5 mmHg and freed from any trace amount of volatile impurities and
the unreacted benzylamine to give 195.7 g of a liquid product, referred to as C-Il hereinbelow, which could be
identified by infrared absorption spectrophotometric, NMR spectrometric and mass spectrometric analyses
to be a compound expressed by the structural formula

CeHs-CHx-NH-(CH, ),-CO-0-(CHj, )5-Si(OCH3 )5 .
The above mentioned yield of the product corresponds to 94% of the theoretical value.

Synthetic Preparation 3.

A compound, referred to as C-lll hereinbelow, expressed by the structural formula
CH,=CH-CH,-NH-(CH, ),-CO-0-(CH, )5-Si(OCHj3 )3
was prepared by substantially the same synthetic procedure as in Synthetic Preparation 1 described above
excepting replacement of 95.0 g of the 3-aminopropyl trimethoxy silane with 30.3 g (0.53 mole) of allylamine.
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Synthetic Preparation 4.

A compound, referred to as C-IV hereinbelow, expressed by the structural formula
{CH;0);Si-(CH, )3-NH-(CH,, ),-CO-0-CH,-CH=CH,
was prepared by substantially the same synthetic procedure as in Synthetic Preparation 1 described above
excepting replacement of 117.2 g of the 3-acryloxypropyl trimethoxy silane with 56.1 g (0.50 mole) of allyl ac-
rylate.

Synthetic Preparation 5 (comparative).

Into a flask of 300 ml capacity eguipped with a stirrer and a thermometer were introduced 87.4 g (0.37
mole) of 3-glycidyloxypropyl trimethoxy silane, 30.5 g (0.17 mole) of 3-aminopropyl trimethoxy silane and
120.7 g (0.79 mole) of tetramethoxy silane and the mixture was agitated for 4 hours at 110 to 120 °C to effect
the reaction. The reaction mixture was then subjected to stripping at 110 to 120 °C under a reduced pressure
of 5 mmHg and freed from the unreacted tetramethoxy silane to give 82.0 g of a liquid product, referred to as
C-V hereinbelow, which could be identified from the results of the analyses to be a compound expressed by
the structural formula

0-Si (OCH, ),
. |
(CHy0) 3 S1~ (CH; ) 3 ~0-CH, ~CH-CH, -NH- (CH, ) ; ~S1 (OCH, ), ,

taught to be useful as an adhesion improver in Japanese Patent Publications 52-8854 and 55-41702. The
above mentioned yield of the product corresponds to 90% of the theoretical value.

Example 1.

Five adhesive compositions, referred to as the Compositions | to V hereinbelow, were prepared each by
uniformly blending 100 parts of a dimethyl polysiloxane having a viscosity of 10000 centipoise at 25 °C and
terminated at each molecular chain end with a dimethyl vinyl silyl group, of which the content of vinyl groups
was 0.00525 mole per 100 g, with 4.0 parts of a methyl hydrogen polysiloxane containing 0.0069 mole of sil-
icon-bonded hydrogen atoms per 100 g expressed by the average structural formula

MQJ Sl“O-(—SlMQZ ‘O‘—)—r's——'(-—slHMe-o_}—r—s—siMea ’

in which Me is a methyl group, 1.0 part of the compound C-I, C-Il, C-lll, C-IV or C-V, respectively, obtained in
the above described Synthetic Preparations 1 to 5, 0.05 part of an isopropyl alcohol solution containing 2%
by weight as platinum of chloroplatinic acid and 25 parts of a finely divided silica filler after a hydrophobilizing
treatment having a specific surface area of 170 m2/g as determined by the BET method.

Each of these Compositions | to V was applied to the surface of test panels of a polycarbonate resin and
cured by keeping for 1 hour at a temperature of 80 °C, 100 °C or 120 °C or for 96 hours at 20 °C followed by
the determination of the shearing adhesive bonding strength according to the procedure specified in JIS K
6850 to give the results shown in Table 1 below in kgf/cm?2.
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T able 1

Curing Curing . o

temper- | time, omposition No.

ature, hours

*c I IT | III v v
80 1 26 20 15 1 o
e 1 26 | 22 16 | 21 | 17
e ' 27 23 22 22 20
20 96 23 19 Ny 2o i

Separately, the same tests for the shearing adhesive bonding strength as above were conducted by re-
placing the polycarbonate test panels with test panels of glass, aluminum, nickel, mild steel or iron, in which
curing of the adhesive compositions was effected at 120 °C for 1 hour, to give the results shown in Table 2
below in kgf/cm2,

T a b1l e 2

Test Compos:ition No.
panels I II II1I v v
Glass 29 28 25 28 23
Aluminum 29 27 25 29 23
Nickel 28 24 23 26 18
M11d steel 29 27 24 28 20
Iron 29 27 23 28 21

Example 2.

The compounds C-I to C-V prepared in Synthetic Preparations 1 to 5 were each kept at 40 °C for three
months in a hermetically sealed condition and five adhesive compositions, referred to as Compositions la,
lla, llla, IVa and Va, respectively, hereinbelow, were prepared each in the same formulation as for the Com-
positions | to V in Example 1 using the compounds C-1 to C-V after 3-months aging.

The adhesive Compositions la to Va were subjected to tests of shearing adhesive bonding strength in the
same manner as in Example 1 by curing at 80 °C or 100 °C for 1 hour to give the results shown in Table 3

below in kgf/cm2,
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T able 3

Curing )
Composition No.
temper -
ature,
. C Ia Ila IIIa| IVa Ya
80 25 18 14 20 0
100 27 22 15 22 5

Claims

An adhesive organopolysiloxane composition which comprises, as a mixture:
(a) 100 parts by weight of a diorganopolysiloxane having, in a molecule, at least two alkenyl groups
bonded to the silicon atoms;
(b) an organohydrogenpolysiloxane having, in a molecule, at least three hydrogen atoms directly bond-
ed to the silicon atoms in such an amount that from 0.5 to 10 moles of the silicon-bonded hydrogen
atoms are provided per mole of the alkenyl groups in the component (a);
(c) from 0.01 to 10 parts by weight of a B-aminopropionyl-containing compound represented by the gen-
eral formula

X-NR-CH»-CHR-CO-Y-X,

in which each R is, independently from the other, a hydrogen atom or a monovalent hydrocarbon group
having 1 to 10 carbon atoms, Y is an oxygen atom or a group of the formula NR and each X is, inde-
pendently from the other, a monovalent hydrocarbon group having 1 to 10 carbon atoms or an orga-
nosilyl-substituted monovalent hydrocarbon group of the formula Z3SiQ, Z being, each independently
from the others, a monovalent hydrocarbon group or an alkoxy group having 1 to 8 carbon atoms and
Q being a divalent hydrocarbon group, containing one or a plurality of methylene groups -CH,- of which
one is unreplaced or replaced with an imino group -NH- with the proviso that at least either one of the
two X groups is an organosilyl-substituted monovalent hydrocarbon group of the formula Z;SiQ of
which at least one of the three Z groups is an alkoxy group or an alkoxy-substituted alkoxy group; and
(d) a compound of a platinum-group metal in a catalytic amount.

An adhesive organopolysiloxane composition as claimed in claim 1 in which the alkenyl group in the di-
organopoly siloxane as component (a) is a vinyl group.

An adhesive organopolysiloxane composition as claimed in claim 1 or claim 2 in which the organic groups
in the diorganopolysiloxane as component (a) other than the alkenyl groups are methyl groups.

An adhesive organopolysiloxane composition as claimed in any one of the preceding claims in which the
diorganopolysiloxane as component (a) has a viscosity in the range from 50 to 300,000 centipoise at 25°C.

An adhesive organopolysiloxane composition as claimed in any one of the preceding claims in which the
organchydrogenpolysiloxane as component (b) has a viscosity in the range from 0.9 to 10,000 centipoise
at 25°C.

An adhesive organopolysiloxane composition as claimed in any one of the preceding claims in which the
B-aminopropionyl-containing compound as component (c) is selected from compounds expressed by the
structural formulae:

(CH30)3Si-(CH; )3-NH-(CH, ),-CO-O-(CH, )5-Si{(OCHj3 )3 ;

Cs Hs-CH,-NH-(CHj, ),-CO-0O-(CH, )3-Si(OCHj3 )3 ;
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CH,=CH-CH,-NH-(CH, ),-CO-0-(CH, )3-Si(OCHs )3; and
(CH40)3 Si~(CH, )3-NH-(CH, ),-CO-O-CH,-CH=CHs.

An adhesive organopolysiloxane composition as claimed in any one of the preceding claims in which the
compound of a platinum-group metal as component (d) is a compound of platinum.

An adhesive organopolysiloxane composition as claimed in any one of the preceding claims in which the
amount of the compound of a platinum-group metal as component (d) is in the range from 0.1 to 1000
ppm by weight calculated as metal based on the total amount of the components (a) and (b).

An article consisting of at least two parts adhesively bonded with the adhesive organopolysiloxane com-
position as claimed in any one of the preceding claims in a cured state.

Use of the composition as claimed in any one of claims 1 to 8 as an adhesive, sealing, coating or potting
material.

Patentanspriiche

1.

Haftfahige Organopolysiloxanzusammensetzung, umfassend als ein Gemisch:
(a) 100 Gew.-Teile eines Diorganopolysiloxans mit mindestens zwei an die Siliciumatome gebundenen
Alkenylgruppen in einem Molekiil;
(b) ein Organohydrogenpolysiloxan mit mindestens drei direkt an die Siliciumatome gebundenen Was-
serstoffatomen in einem Molekil in einer derartigen Menge, da 0,5 bis 10 Mol der siliciumgebundenen
Wasserstoffatome pro Mol der Alkenylgruppen in der Komponente (a) vorgesehen sind;
(c) 0,01 bis 10 Gew.-Teile einer f-aminopropionylhaltigen Verbindung der allgemeinen Formel

X-NR-CH»-CHR-CO-Y-X,

worin jeder Rest R unabhangig voneinander fir ein Wasser stoffatom oder eine einwertige Kohlenwas-
serstoffgruppe mit 1 bis 10 Kohlenstoffatom(en) steht, Y ein Sauerstoffatom oder eine Gruppe der For-
mel NR bedeutet und jeder Rest X unabhéngig voneinander eine einwertige Kohlenwasserstoffgruppe
mit 1 bis 10 Kohlenstoffatom(en) oder eine organosilylsubstituierte einwertige Kohlenwasserstoff-
gruppe der Formel Z;SiQ mit Z jeweils unabhéngig voneinander gleich einer einwertigen Kohlenwas-
serstoffgruppe oder einer Alkoxygruppe mit 1 bis 8 Kohlenstoffatom(en) und Q gleich einer zweiwer-
tigen Kohlenwasserstoffgruppe mit einer oder mehreren Methylengruppen -CH,-, von denen eine
durch eine Iminogruppe -NH- nicht ersetzt oder ersetzt ist, darstellt, vorausgesetzt, da mindestens
einer der beiden Reste X eine organosilylsubstituierte einwertige Kohlenwasserstoffgruppe der For-
mel Z;Sig, von welcher mindestens einer der drei Reste Z aus einer Alkoxygruppe oder einer alkoxy-
substituierten Alkoxygruppe besteht, darstellt, und
(d) eine Verbindung eines Metalls der Platingruppe in einer katalytischen Menge.

Haftfahige Organopolysiloxanzusammensetzung nach Anspruch 1, worin die Alkenylgruppe in dem Di-
organopolysiloxan als Komponente (a) aus einer Vinylgruppe besteht.

Haftfahige Organopolysiloxanzusammensetzung nach Anspruch 1 oder Anspruch 2, worin die von den
Alkenylgruppen verschiedenen organischen Gruppen in dem Diorganopolysiloxan als Komponente (a)
aus Methylgruppen bestehen.

Haftfahige Organopolysiloxanzusammensetzung nach einem der vorhergehenden Anspriiche, worin das
Diorganopolysiloxan als Komponente (a) eine Viskositat im Bereich von 50 bis 30.000 Centipoise bei 25°C
aufweist.

Haftfahige Organopolysiloxanzusammensetzung nach einem der vorhergehenden Anspriiche, worin das
Organohydrogenpolysiloxan als Komponente (b) eine Viskositat im Bereich von 0,9 bis 10.000 Centipoise
bei 25°C aufweist.

Haftfahige Organopolysiloxanzusammensetzung nach einem der vorhergehenden Anspriiche, worin die

B-aminopropionylhaltige Verbindung als Komponente (c¢) aus Verbindungen der Strukturformeln
(CH30)3Si-(CH,)3-NH-(CH,),-CO-0-(CH,)3-Si(OCHa)3;
CsHs-CH,-NH-(CH,),-C0O-0-(CH,);3-Si(OCH3); ;

10
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CH,=CH-CH,-NH-(CH),-CO-0-(CH,)3-Si(OCH3); und
{CH30)3Si-(CH,)3-NH-(CH,),-CO-0-CH,-CH=CH,.
ausgewahlt ist.

Haftfahige Organopolysiloxanzusammensetzung nach einem der vorhergehenden Anspriiche, worin die
Verbindung eines Metalls der Platingruppe als Komponente (d) aus einer Platinverbindung besteht.

Haftfahige Organopolysiloxanzusammensetzung nach einem der vorhergehenden Anspriiche, worin die
Menge an der Verbindung eines Metalls der Platingruppe als Komponente (d) im Bereich von 0,1 bis 1000
ppm nach Gewicht, berechnet als Metall auf der Basis der Gesamtmenge der Komponenten (a) und (b),
liegt.

Gegenstand, bestehend aus mindestens zwei mit der haftfahigen Organopolysiloxanzusammensetzung
nach einem der vorhergehenden Anspriiche in einem gehérteten Zustand haftend verbundenen Teilen.

Verwendung der Zusammensetzung nach einem der vorhergehenden Anspriiche als Haft-, Dicht-,
Beschichtungs- oder Einsiegelungsmaterial.

Revendications

1.

Composition adhésive a base d’un polyorganosiloxane, qui comprend, sous forme d’'un mélange :
(a) 100 parties en poids d'un polydiorganosiloxane ayant dans sa molécule au moins deux groupes
alcényles liés aux atomes de silicium ;
(b) un polyorganchydrogénosiloxane ayant dans sa molécule au moins trois atomes d’hydrogéne di-
rectement liés aux atomes de silicium, en une quantité telle que I'on ait de 0,5 a 10 moles d’atomes
d’hydrogéne liés a des atomes de silicium, par mole de groupes alcényle dans le constituant (a) ;
(c) de 0,01 & 10 parties en poids d’'un composé B-aminopropionylé, représenté par la formule générale
suivante :

X-NR-CH,-CHR-CO-Y-X,

dans laquelle chacun des radicaux R est, indépendamment de I'autre, un atome d’hydrogéne ou un
groupe hydrocarboné monovalent ayant de 1 a 10 atomes de carbone, Y est un atome d’oxygéne ou
un groupe de formule NR et, chacun des radicaux X, indépendamment de I'autre, est un groupe hy-
drocarboné monovalent ayant de 1 & 10 atomes de carbone ou un groupe hydrocarboné monovalent,
a substitution organosilyle, de formule Z;SiQ, chacun des radicaux Z étant, indépendamment des au-
tres, un groupe hydrocarboné monovalent ou un groupe alcoxy ayant de 1 & 8 atomes de carbone, et
Q représentant un groupe hydrocarboné divalent, contenant un ou plusieurs groupes méthyléne-CH,-
dont I'un n’est pas remplacé ou est remplacé par un groupe imino-NH-, du moment qu’au moins 'un
des deux groupes X est un groupe hydrocarboné monovalent, a substitution organosilyle, de formule
Z3SiQ, dans lequel au moins I'un des trois groupes Z est un groupe alcoxy ou un groupe alcoxy a subs-
titution alcoxy ; et
(d) un composé d’'un métal du groupe du platine, en une quantité catalytique.

Composition adhésive a base d’un polyorganosiloxane selon la revendication 1, dans laquelle le groupe
alcényle du polydiorganosiloxane servant de constituant (a) est un groupe vinyle.

Composition adhésive a base d’'un polyorganosiloxane selon la revendication 1 ou 2, dans laquelle les
groupes organiques du polydiorganosiloxane servant de constituant (a) autres que les groupes alcényle
sont des groupes méthyle

Composition adhésive a base d'un polyorganosiloxane selon I'une quelconque des revendications pré-
cédentes, dans laquelle le polydiorganosiloxane servant de constituant (a) a une viscosité comprise entre
50 et 300.000 cP a 25°C.

Composition adhésive a base d'un polyorganosiloxane selon I'une quelconque des revendications pré-
cédentes, dans laquelle le polyorganohydrogénosiloxane servant de constituant (b) a, & 25°C, une vis-
cosité de 0,9 a 10.000 cP.

Composition adhésive a base d'un polyorganosiloxane selon I'une quelconque des revendications pré-

11
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cédentes, dans laquelle le composé B-aminopropionylé servant de constituant (c) est choisi parmi les
composés ayant les formules développées suivantes :
(CH30)3Si-(CH2)3-NH-(CH,),-CO-0O-(CH2)5-Si(OCHs)3 ;
CgHs-CH,6NH-(CH,),-CO-0-(CH,)3-Si(OCHjs)3 ;
CH,=CH-CH,-NH-(CH,),-CO-0-(CH,)3-Si(OCHj3); ;
et (CH30)3Si-(CH,)3-NH-(CH,),-CO-0O-CH,-CH=CH,.

Composition adhésive a base d'un polyorganosiloxane selon I'une quelconque des revendications pré-
cédentes, dans laquelle le composé d’'un métal du groupe du platine servant de constituant (d) est un
composé du platine.

Composition adhésive a base d'un polyorganosiloxane selon I'une quelconque des revendications pré-
cédentes, dans laquelle la quantité du composé d’un métal du groupe du platine servant de constituant
(d) est de 0,1 &4 1.000 ppm en poids, exprimée en métal, par rapport a la quantité totale des constituants
(a) et (b).

Article constitué d’au moins deux parties, liées I'une a I'autre par adhérence a I'aide de la composition
adhésive a base d’un polyorganosiloxane selon I'une quelconque des revendications précédentes, a I'état
durci.

Utilisation de la composition selon I'une quelconque des revendications 1 4 8 comme produits adhésifs,
de scellement, de revétement ou d’enrobage.
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